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ABSTRACT

~ The forest resource base in the Southeast is rapidly changing.
Dwi ndling reserves of high quality pine sawl ogs will provide incentive
to utilize |owdensity hardwoods such as yellow poplar and sweetgum for
structural lumber. Inventories of sweetgum (Liquidanbar styraciflua,
L.) and yellow poplar (Liriodendron tulipifera, L.) are currently high
and growth is exceeding renovals.

The mechani cal properties of dinension |unmber produced from
svveet?_um are relatively unknown. The objective of this st UdY was to
establish strength and stiffness data on sweetgum di mension 1lunber in
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bendi ng, tension and conpression nodes. The relationship between these
strength nodes was al so I nvestigated.

Results indicate that sweetgum equals or exceeds yellow poplar in
strength and stiffness overall and on a grade-by-grade basi s.
Correlations between bending, tension and conpression strength and
stiffness were |lower than correlations established for pine.

| NTRODUCTI ON

The forest resource base in the Southeast is rapidly changing. It
has been projected that plantation grown pine, which now provides about
twenty percent of the softwood resource, Wl provide over fifty
percent of the softwood by the year 2000 (USDA, 1988). Plantation
grown pine has a high percentage of juvenile wood which lowers its
utility for such traditional uses as structural |unber and plywood.
Projections (USDA, 1977) indicate that the demand for pine tinber wll
exceed the available supply, resulting in rising prices for pine and
incentive for the use of |owdensit ardwood species such as yellow
popl ar ﬁL|r|odendron tulipifera, L.) and sweetgum (Liquidanbar
styraciflua, L.) . Yellow poplar structural |unber has been accepted by
the Anerican Lunber Standards Committee and the design values are
publ i shed by National Forest Products Association (N-FPA, 1982).

The growth of the [ow density hardwood species currently exceeds
the volume cut. This availability, plus the generally |ower” stunpage
prices for mxed hardwoods (oak, poplar, sweetgum etc.) conpared to
pine, has created interest in the use of hardwoods for structura
framng. Gading rules for hardwood structural [umber have been
proposed for several species such as aspen, alder, cottonwood, and
yel | ow popl ar (Southern Pine Inspection Bureau, 1977; Softwood
| nspection Bureau, 1982) . It seenms likely that on a price basis alone,
sui tabl e hardwood species will be accepted for structural applications
in the near future

Over the past several years, there has been an increase in the use
of Machine Stress Rated (MSR) lumber for critical structural
applications such as lanminating stock, scaffold planks and |ight-frame
wood trusses. It seens IlkeI% that the trend towards the MR grad|n?
of lunber will also apply to hardwood structural lunber. The basis for
the use of MSR lunber is the relationship of the plank bending nodul us
of elasticity to the bending, conpression and tensile strength of a
given structural mnember (adjusted for visual defects?. Al t hough the
rel ati onshi ps between stiffness, strength, and visual defects for
sof twood structural |unber have been devel oped over the past 20 years
(Galligan et al, 1980; Geen, 1983; Geen et al, 1984, Evans et al,
1984), there has been I|ttIe_conParabIe research on these relationships
for hardwods. Since the habit of growth for the [ow density hardwoods
Is so different frompine with regard to persistence of branches, size
of knots, interlocked and spiral grain etc., it is unlikely that these
rel ationships would be the same for hardwoods.
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OBJECTI VES

Sweet gum cannot be efficiently utilized and marketed for
structural "purposes until the various mechanical properties of full-
sized |lumber and the relationship of these properties is understood.
The objectives of this study were to determ ne:

L. bending, tensile and conpressive strength and nodul us of
elasticity in bending for sweetgum and yel | ow popl ar
structural | unber.

2. the correlation coefficients between nodulus of elasticity and
tensile and bending strength for sweetgum and yel | ow poplar
structural | unber.

MATERI ALS AND PROCEDURES

The study consisted of an analysis of covariance for a conpletely
random zed design defined as a 2 x 2 x 3 factorial wth one covarijate.
The twelve factorial treatment conbinations, forned fromtwo species,
two widths and three defect classes, were adgusted with specific
gravity as a covariate. Table 1 summarizes the design.

Yel | ow-poplar and sweetgum tinber were selected randonmy
representing average woods-run material from one |ocation in North
Carolina Piednont hardwood stands. The structural |unber was cut at a
nodern hardwood sawmill in the same area. The logs were cut into pith-
centered nominal 8-inch square cants 12 feet long. The hardwood cants
were then broken down on a resaw in the same way that pine cants would
be processed. Figure 1 illustrates the breakdown pattern. The 2x8's
were cut first, followed by the 2x4's to facilitate sorting and
stacking. The hardwood 2x4"s and 2x8' s were graded by defect and warp
grades according to the National grading rule (SPIB, 1977) by a
certified |unber grader. The rough-sawn hardwood structural | unber
éﬁppzfxynately 22 MBF) was then shipped to a mll in South Carolina for

i I'n-drying.

The yel | owpoplar and sweetgum structural [unber was dried on a
8/4 redgum (trade name for sweetgum heartwood) schedule. The final
moi sture content (MC) was targeted to be 12% to 15% However, the
yel | owpopl ar |unber was over-dried since it was dried in the same kiln
charge with the sweetgum Both the yellowpoplar and the sweetgum came
out of the kiln at a moisture content |ess than 12% Misture content
as neasured by noisture neter showed a range of 7% to 12% and an
average of 9%  However, nmoisture content by the ovendry method showed
that the yellow poplar averaged about 6% to 7% MC with end trim
measuring as low as 4.5% e sweetgum | unmber averaged around 11% MC
with end trimas lowas 7% MC. No stress relief or equalization of the
| unber was perforned due to scheduling problens. The grading marks
were transferred fromthe face of the individual pieces to the end of
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Table 1
Summary of Study Variables

Lndependent Variabl es Level s

Speci es Yel | ow popl ar
Sweet gum

Size nom nal 2x4's x 12 ft

nom nal 2x8 s x 12 ft

Defect G ade Gade 1

(pine rules) Gade 2
G ade 3

Covar iate

Specific Gavity Cont i nuous

Dependent Vari abl es
Static Bending
MOR

Cont i nuous
MCOE Cont i nuous
Tensi on _
MOR Cont i nuous
NVOE Cont i nuous
Conpr essi on
R}ER Cont i nuous
NMOE Cont i nuous

78



_ 8in.nom. _

A

Figure 1. Diagram of

structural | unber.
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the pieces just prior to planin%. The top left corner of the specinen
on the grading chain remained the top left corner for all subsequent
test procedures.

The material was then dressed on the faces and edges to 1.5 x 3.5
inches for the nomnal 2x4's and 1.5 x 7.25 inches for the nom nal
2x8's.  Some problems related to over-drying and shrinkage were noted
at this stage. Sone of the sweetgum 2x8' s tended to be slightly Iess
than 7.25 inches wide and less than 1.5 inches thick. Thus, the
sweet gum showed some skip after dressing. This is not surprising since
sweet gum has a volunetric shrinkage of up to 15 percent while yellow

oplar has a volumetric shrinkage of about 12.5 percent, the sane as

0 IoII% pine (USDA, 1974). Geater allowances for green dinensions
should be made for sweetgumto avoid skip. The yellow poplar 2x8' s
were slightly cuPped and brittle due to their |ower noisture content.
Pressures from planer feed rolls caused nmany of the 2x8 yellow poplar
to split due to the low nmoisture content and the fact that many boards
were pith-centered. The |umber was regraded for warp, crook and splits
I medi ately after planing.

~The dressed hardwood structural |unber was giocessed through a
Metriguard Mbdel 7100 Continuous Lunber Tester (CLT) to obtain an
average plank bending nodul us of elasticity value. =~ The CLT used in
this study has been certified to grade MSR |unber by an independent
testing agency. The CLT was calibrated imediately prior to use with
a standard alum num calibration bar. The data was collected using a
conput er-based data acquisition system A custom devel oped software
program scanned the load transducers every 0.3 mlliseconds (22 data
points per lineal inch) and recorded 5 stiffness paraneters. The
average MXE of each board was also displayed on the control panel of
the CLT and was manual |y recorded.

The hardwood structural |unber was shipped to Athens, Ceorgia for
| aboratory testing. The tension tests were run first, followed by the
static bending and the conpression tests. Photographs of each board,
front and back, were taken before the destructive test procedure to
record visual |unber defects.

~The tensile strength tests were conducted according to the
provisions of ASTM D-198 (ASTM 1980a) run on a Metriguard Mdel 412
Tension Tester with a caﬂacity of 100,000 pounds. The tensile |oad was
applied at a rate such that the average time to failure was
approximately 10 mnutes. The test span between the grips was constant
at 96 inches. Specimen elongation was neasured with an LVDT (linear
variable differential transfornmer) over a gauge length of 86 inches.
Tensile |oad was nmeasured with an electronic |load cell incorporated in
one of the gripping heads. The tensile |oad and el ongation were
recorded at one second intervals using the conputer-based data

acqui sition system The test machine and the conputer-based data
acqui sition system were calibrated at |east twice per month. Two

moi sture content/specific gravity specinens were cut from each specimen
I mediately after failure.
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The static bending tests were conducted using a BLH 120 (120, 000
pound capacity) universal test nachine and were conducted according to
the provisions of ASTM D-198 (ASTM 1980b). The test span was set at
138 I nches with the load applied at third points. Load and deflection
data were recorded at one second intervals during the test using the
conput er-based data acquisition system The |oading rate was adjusted
so that the average time to failure was approximately 10 m nutes. A
moi sture content/specific gravity specimen was cut from each specinen
i medi ately after failure.

A clear, strai?ht-grained conpression parallel to the grain test
specinen, 9 inches [ong, was cut from an undamaged end of each static
bendi ng sgeC|nen and were tested according to the general provisions of
ASTM D-143 (ASTM 1980b). The standard length for conpression
specimens is 8 inches. ~ However, the particular LVDT used in this study
required the extra length for clearance. No buckling failures were
noted. The conpression specinens were tested on the BLH 120 universa
test machine. he deflections were determ ned over a gauge length of 6
inches with an LVDT nounted in a conpressoneter. Measurenents of |oad
and deflection transducers were taken once per second during the test.
The loading rate was adjusted so that the average tinme to failure was
approxi mately 10 mnutes. Each specinen was neasured for noisture
content and specific gravity follow ng specinmen failure.

RESULTS AND DI SCUSSI ON

The strength and stiffness testing was acconplished over a six
month period. There were no facilities for storing the specinens under
controlled tenperature and relative humdity conditions prior to
testing. The noisture content of each specinen at time of test was
determned from a sanple wafer by the ovendry method.

The conputer-based automatic data collection hardware and software
al lowed for accurate and unbiased testing of all specinens. The only
problem noted was with the conpression parallel to grain test data.

The conpressoneter for neasurin% conpressive strain over a six inch
gauge length was designed for the_standard 2 _by 2 by 8 inch specinens
specified in ASTM D-143-78 (2). The 1.5 by 7.25 by" 9 inch conpression
specinens in this study did not always deform evenly across their

wdth. In retrospect, a second conpressometer should have been
installed on the other edge of the nomnal 2 by 9 inch specjnens and
t he readi ngs averaged. Is system of two conpressoneters will be

incorPorated in any future conpression tests of w de specinens.
Detailed analysis of grading data, plank bending and M5R data will be
presented in subsequent reports.

The data for the |aboratory tests was anal yzed using the SAS
statistical package (12) on a PC. Calculation of MOXE and MR from the
raw test data was done using Lotus 1-2-3 Ver. 2.01 and a customwitten
macro program to display stress/strain diagrans and choose data used in
the MCE cal cul ati ons.
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Summary statistics of bending, tensile, and conpressive strength
and stiffness values by species and specimen width are presented in
Table 2. The sweetgum specimens (grade and noisture content not
ponS|dered% were consistently higher than the yellow poplar specinens
in strength and stiffness. 'Note that the ratio between tensile and
conpressive strength and stiffness is slightly lower for sweetgum than
for yellowpoplar.” This indicates that the node of failure in bending
between the two SﬁBCIES may be slightly different (Buchannan, in press
ASCE Journal). This difference nmay be due to the interlocked grain
found in sweetgum

Anal ysis of Study Variables

An anal ysis of covariance was performed using PROC G.M to assess
the effects of species, wdth and defect and their interactions on the
strength and stiffness properties after adjusting for the covariate of
specific gravity. Misture content was accounted for in the analysis
by adjusting the strength and stiffness values to a constant 12 percent
using the procedures and factors outlined in ASTM D 2915-84 (4).

The analysis of three-way factorial exPerinents is often conplex
when interactions are present. Therefore, the philosophy used in this
study needs to be explained. The sinplest situation is when
interactions are non-significant but one or nore of the main effects
are significant. Here, each significant factor was analyzed separately
by all possible pairw se conparisons on the factor level means to
deternine which were significantly different. However, when
interactions were present, the effects of these factors could not be
anal yzed separately since, by definition of interaction, the effect of
a level of one factor depends on the level of the other. Thus all

pai rwi se conparisons were perforned on the treatment means formed by
all combinations of the interacting factors.

~Since the analysis was unbal anced (unequal replication) and
utilized a covariant (specific gravity), |east squares means (LSMEANS)
was used for pairw se conparisons when the typical F-tests on nain
effects and/or interactions were significant. LSVEANS are desirable in
this situation since they are estimators of the means that would be
expected had the design been balanced and with all covariates at their
mean value. In addition, the use of the Bonferroni approach (12) for
all pairw se conparisons was used to ensure a maximum experimentw se
error rate of 0.05. This is acconplished by using a smaller error rate
for individual conparisons defined as “ 0.05/s " where s is the number
of pa|rMAse_conPar|sons within a particular experiment. Coviously,
fewer individua Pa|rMAse comparisons will be judged significant but
the probability of making an error for all the conparisons together
will be controlled at 0.05. This gives protection against finding
significance which don’t really exist but appear significant since.
numerous “a posterior” tests were performed. StaticC bendln?L tension
and conpression tests were considered separatelg. The significance
probabilities fromthe analysis are shown in Table 3. Results for each
test wll be discussed separately.
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Table 2

Average Stiffness and Strength for Hardwood Structural Lunber
Bending MOR Bending MOE
n SpGr MC%" Average Std.Dev. Average Std.Dev.
(psi) (million psi)
Sweetgum
2x4's 138 0.591 9.03 6,551 2,488 1.76 0.31
2x8's 137 0.565 10.08 5,851 1,832 1.61 0.52
Combined 275 0.578 9.55 6,202 2,210 1.69 0.43
Yellow-poplar
2x4's 142 0.431 7.55 6,963 2,467 1.66 0.24
2x8's 105 0.438 8.49 4,764 2,258 1.53 0.59
Combined 247 0.434 7.94 6,028 2,613 1.60 0.43
Species 522 0.510 8.79 6,120 2,409 1.65 0.43
Cabined
Tensile Strength Tensile MOE
n SpGr? MC%" Average Std.Dev.Average Std.Dev.
(psi) (million psi)
Sweetgum
2x4's 105 0.591 9.02 4,664 2,636 1.76 0.51
2x8's 107  0.565 10.89 4,158 1,760 1.62 0.28
Combined 212 0.578 9.95 4,409 2,246 1.69 0.42
Yellow-poplar
2x4's 139  0.435 6.90 4,818 2,467 1.64 0.27
2x8's 101 0.435 6.55 3,214 1,810 1.54 0.36
Combined 240 0.435 6.75 4,143 2,348 1.60 0.31
Species 452 0.501 8.25 4,268 2,302 1.64 0.37
Combined
Compressive Strength Compressive MOE
n SpGr? MC%" Average Std.Dev.Average Std.Dev.
(psi) (million psi)
Sweetgum
2x4's 133 0.591 8.87 7,096 946 1.86 0.49
2x8's 120 0.582 9.34 7,056 940 2.39 1.02
Combined 253 0.587 9.10 7,075 940 2.11 0.83
Yellow-poplar
2x4's 136 0.452 8.41 5,577 944 1.74 0.46
2x8's 105 0.442 9.03 6,146 739 1.94 0.60
Combined 241 0.448 8.68 5,825 904 1.83 0.53
Species 494  0.519 8.89 6,465 914 1.97 0.71
Combined
Tensile/Compressive ratio
Strength Stiffness
Sweetgum 0.62 0.80
Yellow-poplar 0.71 0.87
Specific  gravity ~measured green volume basis at MC% indicated.

Moisture content at time of test.
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Table 3
Significance probabilities for stud

(Probabilities are for Type

vari abl es and interactions.
Il Suns of Squares)

Static Bending Tension Compression

Source MOR MOE MOR MOE MOR MOE

DF Pr > F Pr>F Pr > F Pr>F Pr>F Pr>F
SPECIES 1 0.6571 0.2438 0.0825 0.4402 0.0011 ** 0.6693
WIDTH 1 0.0001 * 0.0001 **0.0001 ** 0.0756 0.0002 ** 0.0001 **
DEFECT 2 0.0001 * 0.0001 * 0.0001 * 0.0001 * 0.0005 ** 0.0613
SPECIES*WIDTH 1 0.0060 ** 0.6883 0.1327 0.7857 0.0001 ** 0.0903
SPECIES*DEFECT 2 0.6567 0.3577 0.0725 0.6146 0.0099 ** 0.1706
WIDTH*DEFECT 2 0.5420 0.7094 0.3413 0.4879 0.4831 0.1892
SPEC*DEF*WIDTH 2 0.1738 0.9950 0.5797 0.5888 0.9959 0.5086
SpGr 1 0.0132 * 0.0001 ** 0.0908 0.0001 ** 0.0001 ** 0.0054 **
1 Properties are adjusted values to 12% noisture content per ASTM

D2915- 84.

2 An “*” denotes significance at the 0.05 level while “**” denotes

significance at the 0.01 |evel.
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Static Bending (edgew se)

~The analysis of static bending (edgewi se) MOR reveal ed o
statistically significant effects for wdth, defect grade and specific
gravity with a srgnificant species x width interaction. Due to this
Interaction the main effect of wdth is difficult to analyze
separately. Therefore, pairw se conparisons were performed on the four
treatment LSMEANS (Table 4a.). The results show that g/el | ow popl ar
2x4’s are significantly stronger than yellow poplar 2x8 s. The
sweetgum 2x4's are significantly stronger than the sweetgum and
yel | owpoplar 2x8s. The effect of defect was assessed by perfornm ng
pai rwi se conparisons of the factor |evel LSMEANS and showed that all
?rades were significantly different with a logical downward progression

rom Gade 1 to Gade 3.

~Static bending MOE showed statistically significantly effects due
to width, defect grade and specific gravity. The pairw se conparison of
LSMEANS (Table 4a.) showed that the 2x4's were si %nlflcantl?/ stiffer
than the 2x8's. The pairw se conparisons for defect show a Iogical
downward progression from Gade 1 to Gade 3. However, Grade 2 was not
significantly stiffer than Gade 3. These results are consistent, in a
relative sense, wWith the published allowable design values for yellow
poplar (11, 12),

Tensi on

_ The analysis of tensile strength showed significant effects for
wi dth and defect grade. Pairw se conparisons for tensile strength
(Table 4b.) show that 2x4’s are stronger in tension than 2x8's. There
65 da I3og| cal downward progression in tensile strength from Gade 1 to

ade 3.

~Tensile MXE showed significant effects for defect grade and
specific gravity. Table 4b. shows the l|ogical downward progression of
tensile MOE from Grade 1 to Gade 3. Gade 3 is not significantly
| ower in ME than G ade 2. This was also the case for static bending
MCE .

Conpr essi on

The analysis of conpressive strength revealed extrenmely conplex
rel ationshi |os. Species, width, defect grade and specific gravity were
statistically significant main effects. The species x w dth and species
x defect interactions were also significant. Since there were two
significant interactions, pairw se conparisons were performed on all 12
treatment LSMEANS (Table 4c.). Yellow poplar 2x4’swere significantly
| ower in conpressive strength than sweetgum 2x4's for grades 1 and 2
only. However, there was no significant difference in conpressive
strength for the 2x8 s of the two species. Sweetgum showed a downward
progression in strength from Gade 1 to Gade 3, although few of the
difrerences were statistically significant. Yel' | ow popl ar showed very
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Static bending pairw se conparisons at the 0.05 experimentw se

Tabl e 4a

r

atel

error

(val ues adjusted to 12% noi sture content).
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Bending MOR (Strength)
Pairwise Comparisons’
SPECIES X WIDTH LSMEAN S.E.
1 2 3 4
Sweetgum 2x4 5,938 238 1 * *
Sweetgum 2x8 5,217 230 2 '
Yellow-poplar 2x4 6,340 235 3 ¥
Yellow-poplar 2x8 4,507 276 4
Pairwise Comparisons’
DEFECT GRADE LSMEAN S.E.
1 2 3
1 6,470 160 1 ¥ ¥
2 5,442 131 2 '
3 4,589 219 3
Bending MOE (Stiffness)
Pairwise Comparisons®
WIDTH LSMEAN S.E.
1 2
2x4 1,610,000 19,300 1 '
2x8 1,450,000 22,800 2 .
DEFECT GRADE LSMEAN S.E. Pairwise Comparisons’
1 2 3
1 1,620,000 24,800 1 ' '
1,520,000 19,500 2
1,450,000 14,500 3
L Significant pairw se conmparisons are denoted by “*” in the table
while nonsignificant differences are represented with a blank
A “.” denotes a redundant or no pairw se conparison at that
entry.
2 Al pha = 0.05/6= 0.00833 for each individual conparison
3 Al pha = 0.05/3 = 0.0167 for each individual conparison.
4 Alpha = 0.05/1 = 0.05 for each individual conparison.
5 Alpha = 0.05/3 = 0.0167 for each individual conparison.



Tabl e 4b
Tension pairwi se conparisons at the 0.05 experinentw se error

rate'(val ues adjusted to 12% noisture content).

Tensile MOR (Strength)

W DTH L SVEAN S. E Pairrﬁifz
2x4 4,205 142 I
2Xx8 3,224 154 2 .
DEFECT L SMEAN S. E. Pairfﬁs§3 3
1 4,439 165 | o
2 3, 682 157 2 .

3 2,795 214 3

Tensile MOE (Stiffness)

DEFECT LSMEAN S. E Pairrﬁs§4 3
1, 610, 000 26, 900 |l . *
1, 500, 000 25, 600 2 :
1,410, 000 34, 900 3

LCOMN —

Significant pairwse cpnParisons are denoted by “*” in the table
while nonsignificant differences are represented with a blank.
A “.” denotes a redundant or no pairw se conparison at that

[ )
=
5=
>
Y
I

0.05/1 = 0.05 for each individual conparison

w
=
o
=
Y
I

0.05/3 = 0.01667 for each individual conparison

=N
=
o
=
Y
I

0.05/3 0.01667 for each individual conparison
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_ o ~Tabl e 4c _ _
Conpression pairwi se conparisons at the 0.05 experimentw se error

ratel(val ues adjusted to 12% noisture content).

Compressive  MOR (Strength)

SPECIES WIDTH DEFECTLSMEAN S.E. Pairwise Comparisons®

1 2 3 4 5 6 7 8 9 10 11 12
Sweetgum 2x4 1 6,191 172 1 ot
Sweetgum 2x4 2 5,871 115 2 o
Sweetgum 2x4 3 5,604 119 3 *
Sweetgum 2x8 1 6,329 147 4 oo
Sweetgum 2x8 2 5,820 101 5 o
Sweetgum 2x8 3 5,484 175 6
Yellow-poplar 2x4 1 5,124 102 7 o
Yellow-poplar 2x4 2 5,159 114 8 o
Yellow-poplar 2x4 3 5,146 187 9 *
Yellow-poplar 2x8 1 5,876 117 10
Yellow-poplar 2x8 2 5,737 129 11
Yellow-poplar 2x8 3 5,680 236 12

Compressive MOE (Stiffness)

WIDTH LSMEAN S.E. Pairwise Comparisons®
1 2

2x4 1,700,000 43,500 r .

2x8 2,050,000 49,800 2

L Significant pairwse c_onParisons are denoted by “*” in the table
while nonsignificant differences are represented with a blank.
A “.” denotes a redundant or no pairw se conparison at that
entry.

2 Al pha = 0.05/66 = 0.00076 for each individual conparison.

3 Alpha = 0.05/1 = 0.05 for each individual conparison.
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little difference in conpressive strength due to defect grade. This is
not surprising since the conpression specimens were essentially defect
free.

For conpressive MOE, only width and specific gravity showed

significant effects. The pairw se conparison (Table 4c.) shows that
2x4's have significantly |ower conpressive MOXE than 2x8's.

Strength and Stiffness Rel ationships

The study objective of determning the relationship between MOXE
and strength was addressed by calculating the correlation coefficients,
r, for the various neasures of stiffness (I\/E? and speci nen strength
(MR) . The strength values used in the correlation analysis were those
adj usted to 12 percent noisture content. The results are shown in
Table 5. The r values for stiffness/strength relationships are between
0.479 and 0.500. The correl ations between the CLT-MOE, static bending
and tensile MOXE indicate that sone relationship exists between these
measures of MOE. The values seem |ow. However, different orientations
are being neasured with the CLT and the static tests.

The rel ationship between the CLT-MOXE and the static bending ME
%)re shown graphically for yellowpoplar (Figure 2) and sweetgum (Figure

Estimated Allowable Stresses

The Weibull distribution was fitted to the bending, tension and
conpression strength data using a maximum |ikelihood estimator

algorithm (Bailey, 1974) . The L, values for the Weibull’and Normal’

were also calculated. Table 6 shows the calculated estimate for

al | owabl e stress values for bending, tension and conpression based on
the L, values for the three-paraneter Weibull and the nornal
distribution. The allowable stress values were determned using the
followng fornula adapted from ASTM D 2555-78 (ASTM 1980d) and ASTM
D-2915-74 (ASTM 1980e):

2 Average MOE cal culated by the E conputer of the Metriguard 7100
CLT.

3 A A A A A

Lgg =@+ b (-In(1-0.05))"° where a, b and c are estimtes of the
Wi bul | paraneters and in is the natural |ogarithm

L ,. = Average Strength - (t ,X Std. Dev.), where t .=
Student’'s “t” for 95% probability.
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Yellow-poplar
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Figure 2 Scatter diagram of CLT neasure of MOE and static bending
MOE for vyellow poplar.
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Sweetgum
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Figure 3: Scatter diagram of CLT neasure of MOE and static bending

MCE for sweetgum
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Table 5

Rel ati onshi p between strengzth and stiffness properties for hardwood
structural | unber

Sweetgum  Correlation  Matrix, values of r.

CLT-MOE Bending Bending Bending  Tension Tension Tension
MOR,,' MOE, MOE MOR,, MOE, MOE
CLT-MOE 1 434 737 752 .450 .583 614
2
Bend MOR, 1 .489 487 X X X
Bend MOE,, 1 991 X X X
Bend MOE 1 X X X
Tens MOR12 1 463 459
Tens MOE,, 1 .985
Tens MOE 1

Yellow-poplar Correlation Matrix, values of r.

CLT-MOE Bending Bending Bending  Tension Tension Tension
MOR,, MOE, MOE MOR,, MOE, MOE
CLT-MOE 1 428 517 .526 .378 .653 .650
Bend MOR, 1 490 497 X X X
Bend MOE, 1 998 X X X
Bend MOE 1 X X X
Tens MOR,, 1 468 479
Tens MOE, 1 985
Tens MOE 1

Combined Species Correlation Matrix, values of r.

CLT-MOE Bending Bending Bending  Tension Tension Tension
MOR,, MOE, MOE MOR,, MOE, MOE
CLT-MOE 1 434 613 .625 418 .615 .630
Bend MOR,, 1 494 497 X X X
Bend MOE12 1 997 X X X
Bend MOE 1 X X X
Tens MOR,, 1 .486 479
Tens MOE, 1 985
Tens MOE 1
1 Properties with subscript “12” are adjusted values to 12%

moi sture content per ASTM D2915- 84.

2 “x” indicates no correlation data.
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Table 6

Esti mated All owable Stress'for Sweetgum and Poplar Structural Lunber
3-Parameter
Calculation Method --> Weibull Normal
Poplar
Allowable Allowable Design
Test Species Width N Stress Stress Values
Bending all 522 1536 1293
Sel. Str.
Bending Sweetgum all 275 1804 1545 1700
Bending Sweetgum 2x4 138 1717 1476 No. 1
Bending Sweetgum 2x8 137 1966 1713 1450
No. 2
Bending Y-Poplar all 247 1348 1030 1200
Bending Y-Poplar 2x4 142 1970 1749 No. 3
Bending Y-Poplar 2x8 105 967 314 675
Tension all 452 748 289
Sel. Str.
Tension Sweetgum all 212 1019 441 875
Tension Sweetgum 2x4 105 928 186 No. 1
Tension Sweetgum 2x8 107 1118 803 750
No. 2
Tension Y-Poplar all 240 679 158 625
Tension Y-Poplar 2x4 139 866 469 No. 3
Tension Y-Poplar 2x8 101 564 135 350
Comp all 494 2934 2817
Sel. Str.
Comp Sweetgum all 253 3555 3365 1050
Comp Sweetgum 2x4 133 3543 3372 No. 1
Comp Sweetgum 2x8 119 3573 3354 825
No. 2
Comp Y-Poplar all 241 2735 2639 650
Comp Y-Poplar 2x4 136 2541 2447 No. 3
Comp Y-Poplar 2x8 105 3223 3002 400
1

Al | owabl e Stress (LONER ) *(1/(1.5/(Ft/1))

Rep menber allow = 1;
= 1.5

factor of safety
duration of load = 1
Ft = tinme of test factor (Tens; 1.025: Bend; 1.092)
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Estimated Allowable stress = L,* (1/(1.5/F/1))

Wher e: _

L o =  Lower 5th percentile
Repetitive nenber factor = 1.0 (single member)
Factor of safety = 1.5

Duration of load factor = 1.0 %Imm term

F. (time of test factor) = 1.025 for tension

= 1.092 for bending

Al of the estimated allowable stress values determned fromthe
L . Wi bul | val ues exceed the published allowable stress val ues for

yeIIom#PopIar structural |unmber (NFPA 1982; SIB,_1982%. The
al | owabl e stresses by defect grade are presented in Table 7. Again
all allowable stresses for sweetgum and yel | owpoplar, based on the 3
paraneter \Weibull, exceed accepted design values for yellow poplar.
For_smeetPunl defect grade No. 1 and 2 (pine rules) exceed poplar
design values for select structural. This indicates that pine grading
rules do not accurately assess strength and stiffness of sweetgum
dimension lunber. As stated previously, much downgrading of sweetgum
was due to slope of grain. However, wth interlocking grain, the
surface slope of grain does not always reflect the average siope of
?ra|n through the thickness of the board. In nmany cases, downgrading

or surface slope of grain may not be justified. "A nodified set of
?r$€|ng rules may have to be established for sweetgum structura

unber .

SUMVARY AND CONCLUSI ONS

~ The primary objective of this study was to define strength and
stiffness characteristics of sweetgumin the form of structural |unber.
Strength properties of yellowpoplar structural |unmber have already
been Investigated and therefore was included as a study control.
Properties of tension, conpression and bending (edgew se and plank)
were measured in |aboratory tests on sweetgum and yel |l ow poplar 2x4’s
and 2x8's 12 feet |ong. In all, about 1200 pieces of |unber were
tested. In addition, about 1600 pieces of |unber were graded for
defects and warp (before and after drying). Al lunber was machine
stress rated (through a CLT) to evaluate plank bending stiffness under
production conditions.

ol | The conclusions fromthe analysis of results may be summarized as
ol | ows:

L. Sweet gum structural |unber anears to be as strong and stiff
as yellowpoplar structural |unber overall and on a grade-by-
grade basis. There appears to be no reason why sweetgum
structural lunmber could not be used in general construction
once allowable design stresses have been determ ned.
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Estimated Allowable Stress by G ade

Table 7

3-Parameter

Calculation Method --> Weibull Normal
Poplar
Allowable Allowable Design
Test Species N Stress Stress Values
GRADE # 1
Bending All 174 1989 1761
Bending Sweetgum 57 3026 2602
Bending Yellow-poplar 117 1714 1414 1450
Tens ion All 189 1074 627
Tens ion Sweetgum 51 1015 634
Tens ion Yellow-poplar 138 1113 617 750
GRADE # 2
Bending All 234 1689 1405
Bending Sweetgum 138 2071 1754
Bending Yellow-poplar 96 1399 968 1200
Tens ion All 166 875 568
Tens ion Sweetgum 103 1136 832
Tens ion Yellow-poplar 63 696 233 625
GRADE # 3
Bending All 102 1136 855
Bending Sweetgum 68 1407 996
Bending Yellow-poplar 34 922 569 675
Tens ion All 92 470 -476
Tens ion Sweetgum 53 847 -305
Tens ion Yellow-poplar 39 405 -55 350
1

Al | owabl e Stress

Rep nember all ow
factor of safety
duration of |oad

1
Ft = tinme of test factor (Tens;

(LOWER ) *(1/ (1. 5/ (Ft/ 1))

1,
1.5;
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Correl ations between average MCE and bending, tensile or
conpressive strength were fow. This may be a result of the
more conplex structure of the hardwood naterial

Nat i onal gradin? rules do not always indicate the relative
strength or stiffness of sweetgum ~ A nodified set of grading
rules may need to be devel oped for sweetgum to account for the
characteristic interlocked grain pattern
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